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Figure 4. Mean passes/station for All bats by date at a) 3 m agl and b) 45 m agl at the proposed 

Skookumchuck Wind Energy Project, Washington, 2015. 

at 3 m than at 45 m. At 3 m, activity was the greatest 

during late spring (29 May, mean = 90.3 

passes/station) and mid-summer (11 July, mean = 

77.0 passes/station) than fall (5 October, mean = 

53.2 passes/station). We recorded little to no 

activity at 45 m throughout the survey period with 

only slight increases in activity during summer and 

fall (mean = ~2–4 passes/station; Fig. 4).  

We observed within-night variation in overall 

bat activity across the entire study period (mean 

passes/station/hour; Fig. 5; Appendix 1). Activity 

varied among nocturnal hours of the night at 3 m 

but there was inadequate data to test this 

relationship at 45 m. For All bats early hours in the 

evening had more activity than expected whereas 

later hours in the evening had less activity than 

expected (Appendix 1), creating a pattern of high 

activity just after sunset, slowly decreasing until the 

end of sampling (Fig. 5).  

SPATIAL DIFFERENCES IN ACTIVITY 

BETWEEN HEIGHTS 

We recorded higher activity (mean passes/ 

detector-night) for All bats at 45 m (0.13 ± 0.03) 

than at 3 m (0.05 ± 0.04) and for Tree bats at 45 m 

(0.01 ± 0.03) than at 3 m (<0.01 ± <0.01) at Towers 

1 and 2 (Appendix 2, P=<0.001), although activity 

levels were very low at both tower sites. Higher 

activity was recorded at 3 m (6.78 ± 0.79) compared 

to 45 m (0.13 ± 0.03) when looking at all data from 

the ground and tower stations (Fig. 6).   

AMONG STATIONS 

We found differences in bat activity (mean 

passes/detector-night) among stations at 3 m across 

the entire study for All bats, Tree bats, and all 

species identified (Fig. 7, Appendix 3). Across the 

entire study at 3 m, activity was highest for All bats 

at G2 (17.77 ± 2.57), followed by G1 (9.45 ± 1.76), 
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Species 

Figure 6. Mean passes/detector-night across the entire study at 3 m and 45 m across stations for  1) 
big brown, 2) silver-haired, 3) hoary, 4) California, 5) long-eared, 6) little brown, 7) fringed, 
8) long-legged, 9) Yuma, 10) Townsend’s big-eared, migratory tree-roosting bats (Tree 
bats), and all species combined (All bats) for the entire study at the proposed 
Skookumchuck Wind Energy Project, Washington, 2015. 

 

Figure 7. Mean passes/detector-night across the entire study by height (3 m only) and station for 1) 
big brown, 2) silver-haired, 3) hoary, 4) California, 5) long-eared, 6) little brown, 7) fringed, 
8) long-legged, 9) Yuma, 10) Townsend’s big-eared, migratory tree-roosting bats (Tree 
bats), and all species combined (All bats) for the entire study at the proposed 
Skookumchuck Wind Energy Project, Washington, 2015. 
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Discussion 

T1 (0.11 ± 0.09), and T2 (<0.01 ± <0.01). We did 

not make comparisons among met mast towers at 

45 m because of minimal data. 

DISCUSSION 

Most of what is known regarding activity 

levels of bats at wind-energy facilities in North 

America is from the eastern half of the U.S. 

(Appendix 4, 5). Because a paucity of information 

exists concerning the spatial and temporal activity 

of bats in this region (Hein et al. 2013), predicting 

impacts of wind-power development on resident 

and migratory species is problematic. Furthermore, 

differences among studies in species assemblages 

and identification, landscape characteristics (e.g., 

habitat, elevation, and climate), sampling effort 

(e.g., number of detectors or towers, sampling 

dates, altitude of detectors, detector position) and 

analytical methods can make comparing bat activity 

difficult. To minimize variability associated with 

sampling design and analysis, there are 

recommendations for methods used in acoustic-

monitoring surveys (Hayes 2000, Gannon et al. 

2003, Kunz et al. 2007b). Our preconstruction study 

follows these recommendations and in doing so, we 

were able to provide baseline information on both 

spatial (horizontal and vertical) and temporal 

(nightly and seasonal) patterns of bat activity at the 

Project. 

GENERAL BAT ACTIVITY 

Interpretation of bat acoustic data is subject to 

several important caveats. The number of recorded 

“bat passes” is an index of relative activity, but may 

not correlate to individual numbers of bats (e.g., 100 

bat passes may be a single bat recorded 100 

different times or 100 bats each recording a single 

pass; Kunz et al. 2007b). Activity also may not be 

proportional to abundance because of variation 

attributed to: (1) detectability (loud vs. quiet 

species); (2) species call rates; (3) migratory vs. 

foraging call rates; and (4) attraction or avoidance 

of bats to the sampling area (Kunz et al. 2007b). 

However, interpreted properly, the index of relative 

activity may provide critical information of bat use 

at a proposed wind facility by characterizing 

temporal (hourly, nightly, and seasonal) and spatial 

(height and location) patterns (Parsons and 

Szewczak 2009).  

We recorded a total of 5,787 bat passes across 

the entire study which equals 6.83 ± 0.82 mean 

passes/detector-night. Our results are on the low to 

moderate range of activity rates recorded across 

western North America and the Pacific Northwest 

(Appendix 4, 5). Our results are higher than the 

nearby Coyote Crest Project (1.70 passes/detector 

night in fall; Hein et al. 2010) but much lower than 

the Saddleback Mountain in southern WA (148.3 

passes/detector night in fall; Appendix 5). Studies 

with higher rates of activity (e.g., Saddleback 

Mountain, WA, n = 56,595 bat passes, Johnson et 

al. 2009) tend to have at least some detectors 

located in areas of concentrated bat activity (i.e., 

ponds and linear forest corridors). At the Golden 

Hill Wind Resource Area, Sherman Co., OR, 

Jeffrey et al. (2008) documented a 13-fold increase 

in bat activity in wetland habitat compared to 

upland areas. Although collecting data in certain 

areas can inflate overall detection rates, it may 

provide beneficial information regarding maximum 

levels of relative bat activity at a particular site. In 

addition, activity by many species typically 

increases in fall. Higher activity levels are likely the 

result of the addition of juvenile bats (pups 

generally are weaned by late July), and bats 

preparing for winter hibernation or migration. 

SPECIES COMPOSITION 

Overall, 10 species of bats, encompassing a 

wide variety of resident and migratory bats were 

detected at the Project. The dominant species 

detected included silver-haired and hoary bats that 

are typically tree-roosting species; although silver-

haired bats are also known to roost in caves and 

mines during hibernation (Beer 1956, Cowan 

1933).  

SENSITIVE SPECIES 

Although many of the species of bats in 

Washington have some sort of Federal or State 

status (Table 1), perhaps the most sensitive is the 

Townsend’s big-eared bat. Townsend’s big-eared 

bats emit low decibel echolocation calls making it 

possible, although difficult, to detect acoustically 

(Gruver and Keinath 2006).  Because the Project 
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lacks large areas of suitable roosting habitat (large 

cliff faces, abandoned mines and buildings, and 

caves), it is not surprising that we only detected 

fiveTownsend’s big-eared bat passes. In a study 

conducted in Deschutes County of central Oregon, 

Townsend’s big-eared bats moved up to 24 

kilometers from roosting habitats (hibernacula) to 

foraging areas where they primarily foraged over 

habitat consisting of open sagebrush shrubsteppe 

and open ponderosa pine woodlands (Dobkin et al. 

1995). In California, Townsend’s bats traveled 

between 1.3 km (males) and 3.2 km (females) and 

up to 10.5 km from day roost to foraging areas 

(Fellers and Pierson 2002) with a maximum travel 

distance of 32 km (Brylski et al. 1998). Although it 

is unknown where this species roosts relative to the 

Project, it is clear they are able to travel long 

distances between roosting and foraging locations. 

TEMPORAL ACTIVITY 

Our understanding of the broad regional 

migratory patterns of bats are limited (Cryan 2003). 

Among-night variation in both bat activity and 

fatality at wind-energy facilities suggests that fall 

migration is an episodic event. Migratory patterns 

presumably are influenced by location (latitude and 

elevation), climatic conditions, life history traits, 

and changes in insect abundance and availability 

(Flemming and Eby 2005; Cryan and Veilleux 

2008).  

We found peaks in activity for species 

considered vulnerable to wind development (e.g., 

silver-haired and hoary bats) between late May and 

September during both the breeding season and 

migration. In Washington and Oregon, activity and 

fatality typically peak between mid August and 

September. Several studies at wind-energy facilities 

in eastern Oregon and Washington also have 

reported higher incidents of bat fatalities during 

August and September (Erickson et al. 2000, 2003, 

2008, Johnson et al. 2003, Young et al. 2003, 

Gritski et al. 2008a, b, Jeffrey et al. 2008).  

Farther south in California, Kerlinger et al. 

(2006) reported 70% of bat fatalities occurred in 

September. Thus, at a broader scale, migratory 

activity occurs at different times based on 

latitudinal difference among study sites. Cryan and 

Barclay (2009) suggested that as these regional 

patterns and variations exist with migration patterns 

and fatality of bats at wind energy sites, there may 

be additional factors (e.g., behavioral 

 Discussion 

changes such as mating or feeding habits) that make 

them susceptible during autumn migration 

regardless of whether they are migrating long 

distances or not. In addition, researchers have 

documented that weather variables (e.g., moon 

illumination, wind, temperature, barometric 

pressure) affect activity and fatality of migratory bat 

species (namely hoary and silver-haired bats) at 

wind energy facilities (Baerwald and Barclay 

2011). 

Silver-haired bats (the species with the highest 

activity levels in this study) winter in the Pacific 

Northwest and in some areas of southwestern U.S. 

and generally migrate north in the spring (Cryan 

2003). Brylski et al. (1998) reported that silver-

haired bats may migrate to the southern part of 

California during winter months.  

We observed within-night variation in overall 

bat activity (mean passes/station/hour). We 

observed modest within-night peaks in bat activity 

within 1–2 hours after sunset for the all bats 

category at 3 m. Prior to these peaks, the hour before 

sunset yielded lower than expected activity for the 

all bats category. These results support the fact that 

bats are less likely to be active before sunset at the 

Project and are consistent with numerous studies as 

they have reported nightly peaks shortly (1–2 hours) 

after sunset with a secondary peak within a few 

hours prior to sunset (Kunz 1973, Erkert 1982, 

Hayes 1997, Baerwald and Barclay 2011, Rodman 

et al. 2011). 

Variations in nightly activity patterns are not 

unusual and may be species specific or attributed to 

changes in insect prey abundance and availability, 

or climate and landscape characteristics (Hayes 

1997). The presence of peaks in bat activity 

immediately after sunset or before sunrise suggests 

bat roosting or foraging opportunities may be 

present on the project area, namely trees or rocky 

outcroppings. 

SPATIAL ACTIVITY 

Other factors, such as landscape and habitat 

features, also may influence migratory patterns of 
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tree-roosting bats. Topographic features may serve 

as landmarks for migratory bats (Flemming and Eby 

2005). Baerwald and Barclay (2009) documented 

higher bat activity along the foothills of the 

Canadian Rocky Mountains compared to flat 

Discussion 

areas located ~175 km east of the mountains. 

Furthermore, migratory tree-roosting bats appear 

more likely to travel along routes which provide 

suitable roosting structures (Cryan and Veilleux 

2008). Hoary and silver-haired bats were observed 

more often within forested habitats than open 

prairies during fall migration (Baerwald 2008).  

Studies have shown variations in bat activity at 

different altitudes (Kalcounis et al. 1999, Hayes and 

Gruver 2000). Although we had minimal bat 

activity at 45 m, the majority of bat passes detected 

were from silver-haired bats.  Several studies have 

reported greater activity of high-frequency bats 

(e.g., Myotis spp., Parastrellus hesperus) at lower 

altitudes, and greater activity of low-frequency bats 

(e.g., silver-haired and hoary) at higher altitudes 

(Arnett et al. 2006, 2007b, Redell et al. 2006, Hein 

et al. 2009a). The airspace in which bats occur can 

sometimes be predicted by their echomorpholgy 

(body size, wing shape, call frequency; Aldridge 

and Rautenbach 1987). Larger, less maneuverable 

species with lower call frequencies typically fly 

higher and in more open habitats, whereas smaller, 

more maneuverable species with higher call 

frequencies fly lower to the ground and in more 

cluttered (higher vegetation, increased tree density) 

habitats. Because the airspace used by bats varies 

among species and because species impacted by 

wind development are detected more often at higher 

altitudes, it supports the rationale to monitor bat 

activity at multiple heights at wind-energy facilities.  

It is not surprising to see spatial variation in bat 

activity across a project site (Mabee and Schwab 

2008, Hein et al. 2009a, b, Hein et al. 2011a, 

Rodman et al. 2011). Variability among stations is 

likely attributed to differences in landscape features 

among sampling stations. Kunz (1982) suggested 

that habitat selection by bats is likely driven by the 

interaction between foraging and roosting 

requirements. Smaller species of microchiropterans 

(e.g., California myotis) are known to commute less 

than several kilometers between roosting and 

foraging sites (Brigham et al. 1997). However, 

studies indicate that some species (e.g., Townsend’s 

big-eared bats) may fly greater distances ranging 

from 10–30 kilometers from roosting to foraging 

habitat (Dobkin et al. 1995, Kunz and Lumsden 

2003, Gruver and Keinath 2006).   

We found high levels of variation in bat 

activity among all stations. Activity for All bats was 

highest at G2 (17.77 bat passes/detector night) and 

lower at G1 (9.45) and nearly absent at Tower 1 

(0.11) and Tower 2 (<0.01). Spatial variation in bat 

activity across a project site is not uncommon 

(Mabee and Schwab 2008, Hein et al. 2009a, b). 

Explanations for the variation among stations may 

be attributed to differences in availability of 

roosting or foraging habitat in proximity to the 

detector location, or placement of detector along a 

commuting flyway. 

BASELINE MONITORING AND 

FATALITIES 

Our ability to identify activity patterns of bats 

within a season, altitude, and location may provide 

useful information for predicting when, where, and 

which bats may be most at risk of collisions with 

wind turbines at the Project. Because migratory bats 

comprise a disproportionately high percentage of 

fatalities (Arnett et al. 2008, Piorkowski and 

O’Connell 2010), it is important for studies to 

provide the highest resolution possible in species 

identification rather than consolidate bats into total 

bat calls or high and low frequency phonic groups 

(Kunz et al. 2007b). We were able to characterize 

bat passes to species using SonoBat which 

automatically generated species decisions (i.e, 

classifications) for each wave file recorded. 

A paucity of information exists relating pre-

construction activity with post-construction fatality 

of bats. Hein et al. (2013) compared twelve sites 

with paired data for pre-construction and post-

construction data, and reported that a small portion 

of variation in fatalities was explained by bat 

activity (adj. R ² = 21.8%). They concluded that it 

still remains uncertain whether pre- construction 

acoustic data is able to predict post-construction bat 

fatalities. Understanding this relationship is 

important, as current estimates suggest cumulative 
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bat fatalities at wind energy facilities in North 

America from 2000–2011 range from over 650,000 

to more than 1.3 million (Arnett et al. 2013). 

Bat acoustic monitoring studies such as the one 

at the Project may be useful by providing the 

baseline activity levels for individual species that 

can be compared to the spatial and temporal 

distribution of fatalities documented during 

postconstruction monitoring. This species-specific 

approach may provide finer resolution data than 

previous studies and may therefore be better suited 

to post-construction fatality comparisons.  

SUMMARY 

The key results of our bat acoustic monitoring 

study were: (1) total bat passes from all detectors 

across the entire study was 5,787 bat passes; (2) 

peak mean activity (passes/station) for all bats at 3 

m occurred in late May, mid-July, and early 

October while peak activity, although consistently 

low, for all bats at 45 m occurred in late June and 

late September; (3) mean bat activity (passes/ 

detector-night) for all bats was 6.83 ± 0.82 across 

the entire study; (4) mean activity (passes/ detector-

night) for migratory tree-roosting bats was high 

(5.75 ± 0.74) across the entire study; (5) mean 

activity (passes/detector-night) across all stations 

was higher at 3 m (6.78 ± 0.79) than at 45 m (0.13 

± 0.03); (6) landscape variability (e.g., proximity to 

roosting or foraging habitat) between stations likely 

resulted in differences in mean activity 

(passes/detector-night). The highest activity for All 

bats was recorded at G2 (17.77 ± 2.57 bat 

passes/detector night). 

LITERATURE CITED 

Aldridge, H. D. J. N., and I. L. Rautenbach. 1987. 

Morphology, echolocation and resource 

partitioning in insectivorous bats. Journal of 

Animal Ecology 56:763–778. 

American Wind Energy Association (AWEA). 

2015. Wind Energy Facts at a Glance. 

http://www.awea.org/Resources/Content.aspx 

?ItemNumber=5059. Accessed May 2015. 

American Wind Wildlife Institute (AWWI). 2014. 

Wind turbine interactions with wildlife and 

their habitats: a summary of research results 

and priority questions. http://awwi.org/ 

resources/summary-of-wind-wildlife-interacti 

ons/. Accessed April 2014.  

Arnett, E. B. and E. F. Baerwald. 2013. Impacts of 

wind energy development on bats: 

implications for conservation. In: Bat 

Evolution, Ecology, and Conservation. 

Springer New York: 435–456. 

 Summary 

Arnett, E. B., G. D. Johnson, W. P. Erickson, and 

C. D. Hein. 2013. A synthesis of operational 

mitigation studies to reduce bat fatalities at 

wind energy facilities in North America. A 

report submitted to the National Renewable 

Energy Laboratory. Bat Conservation 

International. Austin, Texas, USA. 

Arnett, E. B., J. P. Hayes, and M. M. P. Huso. 2006. 

An evaluation of the use of acoustic 

monitoring to predict bat fatality at a proposed 

wind facility in south-central Pennsylvania. 

An annual report submitted to the Bats and 

Wind Energy Cooperative. Bat Conservation 

International, Austin, TX. 46 pp. 

Arnett, E. B., D. B. Inkley, D. H. Johnson, R. P. 

Larkin, S. Manes, A. M. Manville, J. R. 

Mason, M. L. Morrison, M. D. Strickland, and 

R. Thresher. 2007a. Impacts of wind energy 

facilities on wildlife and wildlife habitat. 

Wildlife Society Technical Review 07-2. The 

Wildlife Society, Bethesda, ME. 

Arnett, E. B., M. M. P. Huso, D. S. Reynolds, and 

M. Schirmacher. 2007b. Patterns of pre-

construction bat activity at a proposed wind 

facility in northwest Massachusetts. An annual 

report submitted to the Bats and Wind Energy 

Cooperative. Bat Conservation 

International. Austin, TX. 

Arnett , E. B., W. K. Brown, W. P. Erickson, J. 

Fiedler, B. L. Hamilton, T. H. Henry, A. Jain, 

G. D. Johnson, J. Kerns, R. R. Koford, C. P. 

Nicholson, T. O’Connell, M. Piorkowski, and 

R. Tankersley. 2008. Patterns of fatality of bats 

at wind energy facilities in North America. 

Journal of Wildlife Management 72:61–78. 

http://awwi.org/resources/summary-of-wind-wildlife-interactions/
http://awwi.org/resources/summary-of-wind-wildlife-interactions/
http://awwi.org/resources/summary-of-wind-wildlife-interactions/
http://awwi.org/resources/summary-of-wind-wildlife-interactions/
http://awwi.org/resources/summary-of-wind-wildlife-interactions/


 

 19 Skookumchuck Bat Study 

Baerwald, E. F. 2008. Variation in the activity and 

fatality of migratory bats at wind energy 

facilities in southern Alberta: causes and 

consequences. Thesis. University of Calgary, 

Alberta, Canada. 

Baerwald, E. F., and R. M. R. Barclay. 2009. 

Geographic variation in activity and fatality of 

migratory bats at wind energy facilities. 

Journal of Mammalogy 90:1341-1349. 



Literature Cited 

Skookumchuck Bat Study 20 

Baerwald, E. F., and R., M. R. Barclay. 2011. 

Patterns of activity and fatality of migratory 

bats at a wind energy facility in Alberta, 

Canada. The Journal of Wildlife Management 

75:1103–1114. 

Barclay, R. M. R., E. F. Baerwald, and J. C. Gruver. 

2007. Variation in bat and bird fatalities at 

wind energy facilities: assessing the effects of 

rotor size and tower height. Canadian Journal 

of Zoology 85:381–387. 

Beer, J. R. 1956. A record of a silver-haired bat in a 

cave. Journal of Mammalogy 37:282. 

BHE, Environmental, Inc. 2009. Bat acoustic 

monitoring at the proposed Blue Creek Wind 

Farm, Pauling and Van Wert Counties, Ohio. 

An interim summary report prepared for 

Iberdrola Renewables, Inc., Radnor, 

Pennsylvania, by BHE Environmental, Inc., 

Cincinnati, OH. 19 pp. 

Brigham, R. M., M. J. Vonhof, R. M. R. Barclay, 

and J. C. Gwilliam. 1997. Roosting behavior 

and roost-site preferences of forest-dwelling 

California bats (Myotis californicus). Journal 

of Mammalogy 78:1231–1239. 

Bureau of Land Management (BLM), 2011. Joint 

Final Environmental Impact Report, Final 

Environmental Impact Statement (FEIR/ 

FEIS), East County Substation/Tule Wind/ 

Energia Sierra Juarez Gen-Tie Projects. 

Volume 1 Appendix D.2 Biological 

Resources. http://www.cpuc.ca.gov/ 

environment/info/dudek/ECOSUB/ECO_Fina 

l_EIR-EIS.htm#APPENDICES TO THE 

FINAL EIR/EIS. Page D.2-178. Accessed 

May 2014. 

Brylski, Phillip V., Paul W. Collins, Elizabeth D. 

Pierson, William E. Rainey, and Thomas E. 

Kucera. 1998. Terrestrial mammal species of 

special concern in California. Edited by Betsy 

C. Bolster. Draft final report prepared for 

California Department of Fish and Game 

Wildlife Management Division, Nongame 

Bird and Mammal Conservation Program. 

California Department of Fish and Wildlife 

(CDFW) 2014. State and federally listed 

endangered and threatened animals of 

California. https://www.dfg.ca.gov/biogeo 

data/cnddb/pdfs/TEAnimals.pdf. Updated 

March 2014. Accessed April 2014. 

CBWG (California Bat Working Group). 2006. 

Guidelines for assessing and minimizing 

impacts to bats at wind energy development 

sites in California. 20pp. 

Chatfield, A., W. Erickson, and K. Bay. 2009. 

Avian and bat fatality study, Dillon Wind-

Energy Facility, Riverside County, California. 

Final report: March 26, 2008–March 26, 2009. 

Prepared for Iberdrola Renewables, Portland, 

Oregon. Prepared by Western EcoSystems 

Technology, Inc., Cheyenne, Wyoming, June 

3, 2009. 

Cowan, I. M. 1933. Some notes on the hibernation 

of Lasionycteris noctivagans. Canadian Field-

Naturalist 48:74–75. 

Cryan, P. M. 2003. Seasonal distribution of 

migratory tree bats (Lasiurus and 

Lasionycteris) in North America. Journal of 

Mammalogy 84:579–593. 

Cryan, P. M., and J. P. Veilleux. 2008. Migration 

and use of autumn, winter, and spring roosts 

by tree bats. Pages 153–175 in M. J. Lacki, J. 

P. Hayes, and A. Kurta, editors. Bats in 

Forests: conservation and management. The 

Johns Hopkins University Press, Baltimore, 

MD.  

Cryan, P. M., and R. M. R. Barclay. 2009. Causes 

of bat fatalities at wind turbines: Hypotheses 

and predictions. Journal of Mammalogy 

90:1330–1340. 

Dobkin, D.S., R.D. Gettinger, and M.C. Gerdes. 

1995. Springtime movements, roost use, and 

foraging activity of Townsend’s big-eared bat 

(Plecotus townsendii) in central Oregon. 

Great Basin Naturalist 55:315-321. 

Ecology and Environment. 2006. Avian and bat risk 

assessment, Bliss Windpark, Town of Eagle, 

Wyoming County, New York. Unpublished 

report prepared for Noble Environmental 

Power LLC, Essex, CT by Ecology and 

Environment, Lancaster, NY. 155pp. 

Environmental Protection Agency (EPA). 2013. 

Ecoregion maps and GIS resources. Western 

Ecology Division, EPA. http://www.epa.gov/ 

https://www.dfg.ca.gov/biogeodata/cnddb/pdfs/TEAnimals.pdf
https://www.dfg.ca.gov/biogeodata/cnddb/pdfs/TEAnimals.pdf
https://www.dfg.ca.gov/biogeodata/cnddb/pdfs/TEAnimals.pdf


 

 21 Skookumchuck Bat Study 

wed/pages/ecoregions.htm. Accessed May 

2014. 

Erkert, H. G. 1982. Ecological aspects of bat 

activity rhythms. Pages 201-242 in T. H. 

Kunz, editor. Ecology of bats. Plenum 

Publishing Corporation, NY. 425 pp. 

Fellers, G. M. and E. D. Pierson. 2002. Habitat use 

and foraging behavior of Townsend’s big-

eared bat (Corynorhinus townsendii) in coastal 

California. Journal of Mammalogy 83:167–

177. 

Fiedler, J. K. 2004. Assessment of bat mortality and 

activity at Buffalo Mountain wind facility, 

eastern Tennessee. Thesis, University of 

Tennessee, Knoxville. 

Fiedler, J. K., T. H. Henry, C. P. Nicholson, and R. 

D. Tankersley. 2007. Results of bat and bird 

mortality monitoring at the expanded Buffalo 

Mountain Windfarm, 2005. Tennessee Valley 

Authority, Knoxville, TN. 

Flemming, T. H., and P. Eby. 2005. Ecology of bat 

migration. Pages 156–208 in T. H. Kunz, and 

M. B. Fenton, editors. Bat Ecology. The 

University of Chicago Press, Chicago, IL. 

Gannon, W. L., R. E. Sherwin, and S. Haymond. 

2003. On the importance of articulating 

assumptions when conducting acoustic studies 

of bats. Wildlife Society Bulletin 31:45–61. 

Gruver, J. C. 2002. Assessment of bat community 

structure and roosting habitat preferences for 

the hoary bat (Lasiurus cinereus) near Foote 

Creek Rim, Wyoming. Thesis, University of 

Wyoming, Laramie, WY. 

 Literature Cited 

Gruver, J. C. and D. A. Keinath. 2006. Townsend’s 

bit-eared bat (Corynorhinus townsendii): a 

technical conservation assessment. [Online]. 

USDA Forest Service, Rocky Mountain 

Region. Available: http://www.fs.fed.us/r2/ 

projects/scp/assessments/townsendsbigearedb 

at.pdf Accessed 24 January 2011. 

Gruver, J., M. Sonnenburg, K. Bay, and W. 

Erickson. 2009. Post-construction bat and bird 

fatality study at the Blue Sky Green Field 

Wind Energy Center, Fond du Lac County, 

Wisconsin, 21 July 2008 – 31 October 2008 

and 15 March 2009 – 4 June 2009, by Western 

EcoSystems Technology, Inc., Cheyenne, 

WY. 104 pp. 

Hall, L. S., and G. C. Richards. 1972. Notes on 

Tadarida australis (Chiroptera: Molossidae). 

Australian Mammalogy 1:46. 

Hayes, J. P. 1997. Temporal variation in activity of 

bats and the design of echolocationmonitoring 

studies. Journal of Mammalogy 78:514–524. 

Hayes, J. P. 2000. Assumptions and practical 

considerations in the design and interpretation 

of echolocation-monitoring studies. Acta 

Chiropterologica 2:225–236. 

Hayes, J. P., and Gruver, J. C. 2000. Vertical 

stratification of activity of bats in an old-

growth forest in western Washington. 

Northwest Science 74:102–108. 

Hein, C. D., J. Gruver, and E. B. Arnett. 2013. 

Relating pre-construction bat activity and 

post-construction bat fataility to predict risk at 

wind energy facilities: a synthesis. A report 

submitted to the National Renewable Energy 

Laboratory. Bat Conservation International, 

Austin, TX, USA. 

Hein, C. D., E. B. Arnett, M. R. Schirmacher, M. 

M. P. Huso, and D. S. Reynolds. 2011a. 

Patterns of pre-construction bat activity at the 

proposed Hoosac Wind Energy Project, 

Massachusetts, 2006–2007. A final project 

report submitted to the Bats and Wind Energy 

Cooperative. Bat Conservation International, 

Austin, Texas, USA. 

Hein, C. D., M. R. Schirmacher, E. B. Arnett, and 

M. M. P. Huso. 2011b. Patterns of pre-

construction bat acoustic activity at the 

proposed Resolute Wind Energy Project, 

Wyoming, 2009–20010. A final project report 

submitted to the Bats and Wind Energy 

Cooperative. Bat Conservation International, 

Austin, Texas, USA.  

Hein, C. D., L. B. Rodman, N. A. Schwab, and T. J. 

Mabee. 2010. An acoustic study of bat activity 

at the proposed Coyote Crest Wind Power 

Project, Washington, Spring-Fall 2008. 

Unpublished report prepared for Tetra Tech 

EC, Inc., Portland, OR and Everpower Wind 



Literature Cited 

Skookumchuck Bat Study 22 

Holdings, LLC, Portland, OR by ABR, Inc., 

Forest Grove, OR. 43 pp. 

Hein, C. D., N. A. Schwab, and T. J. Mabee. 2009a. 

An acoustic study of bat activity at the 

proposed Roaring Brook Wind Project, New 

York, Spring–Fall 2008. Unpublished report 

prepared for Iberdrola Renewables, Lowville, 

NY by ABR, Inc., Forest Grove, OR. 37 pp. 

Hein, C. D., S. B. Castleberry, and K. V. Miller. 

2009b. Site-occupancy of bats in relation to 

forested corridors. Forest Ecology and 

Management 257:1200–1207. 

Jain, A. A. 2005. Bird and bat behavior and 

mortality at a northern Iowa wind farm. 

Thesis. Iowa State University, Ames, IA. 

Jeffrey, J. D., W. P. Erickson, K. J. Bay, V. K. 

Poulton, W. L. Tidhar, and J. E. Baker. 2008. 

Wildlife baseline studies for the Golden Hills 

Wind Resource Area, Sherman County, 

Oregon, final report, May 2006–June 2008. 

Unpublished report prepared for BP 

Alternative Energy North America, Inc., 

Houston, TX, by Western EcoSystems 

Technology, Inc., Cheyenne, WY. 84 pp. 

Johnson, G., J. Gruver, T. Enz, and J. Baker. 2009. 

Bat acoustic studies for the Saddleback Wind 

Resource Area, Skamania County, 

Washington, July 3–October 7th, 2008. 

Unpublished report prepared for SDS Lumber 

Company, Bingen, Washington, by Western 

EcoSystems Technology, Inc., Cheyenne, 

WY. 31 pp. 

Johnson, G. D., M. K. Perlik, W. P. Erickson, and 

M. D. Strickland. 2004. Bat activity, 

composition, and collision mortality at a large 

wind plant in Minnesota. Wildlife Society 

Bulletin 32: 1278–1288. 

Kalcounis, M. C., K. A. Hobson, R. M. Brigham, 

and K. R. Hecker. 1999. Bat activity in the 

boreal forest: importance of stand type and 

vertical strata. Journal of Mammalogy 80:673–

682. 

Kerlinger, P., R. Curry, L. Culp, A. Jain, C. 

Wilkerson, B. Fischer, and A. Hasch. 2006. 

Post-construction avian and bat fatality 

monitoring study for the High Winds Wind 

Power Project, Solano County, California: two 

year report. Curry and Kerlinger, LLC, Cape 

May Point, New Jersey. 

Kerns, J. K., D. P. Young, Jr., C. S. Nations, and V. 

K. Poulton. 2007. Avian and bat studies for the 

proposed St. Lawrence Windpower Project, 

Jefferson County, New York. An interim 

report, April 2006 – November 2006 

submitted to St. Lawrence Windpower, LLC, 

Washington DC, by Western Ecosystems 

Technology, Inc., Cheyenne, WY. 5 pp. 

Kerns, J., W. P. Erickson, and E. B. Arnett. 2005. 

Bat and bird fatality at wind energy facilities 

in Pennsylvania and West Virginia. Pages 24–

95 in E. B. Arnett, technical editor, 

Relationships between bats and wind turbines 

in Pennsylvania and West Virginia: an 

assessment of bat fatality search protocols, 

patterns of fatality, and behavioral interactions 

with wind turbines. A final report submitted to 

the Bats and Wind Energy Cooperative. Bat 

Conservation International, Austin, Texas. 

Kunz, T. H. 1973. Resource utilization: temporal 

and spatial components of bat activity in 

central Iowa. Journal of Mammalogy 54:14–

32. 

Kunz, T. H. 1982. Roosting ecology of bats. Pages 

1–55 in T. H. Kunz, editor. Ecology of Bats. 

Plenum Press, New York. 

Kunz, T. H., and Linda F. Lumsden. 2003. Ecology 

of Cavity and Foliage Roosting Bats. Pages 3–

89 in  T. H. Kunz and M. Brock Fenton, 

editors. Bat Ecology. The University of 

Chicago Press, Chicago and London. 

Kunz, T. H., E. B. Arnett, W. P. Erickson, A. R. 

Hoar, G. D. Johnson, R. P. Larkin, M. D. 

Strickland, R. W. Thresher, and M. D. Tuttle. 

2007a. Ecological impacts of wind energy 

development on bats: questions, research 

needs, and hypotheses. Frontiers in Ecology 

and the Environment 5:315–324. 

Kunz, T. H., E. B. Arnett, B. A. Cooper, W. P. 

Erickson, R. P. Larkin, T. J. Mabee, M. L. 

Morrison, M. D. Strickland, and J. M. 

Szewczak. 2007b. Assessing impacts of wind-

energy development on nocturnally active 

birds and bats: a guidance document. 

 Journal  of  Wildlife  Management 

71:2449–2486. 



 

 23 Skookumchuck Bat Study 

Mabee, T. J., and N. A. Schwab. 2008. A visual and 

acoustic study of nocturnal bird and bat 

migration at the proposed Roaring Brook 

Wind Project, New York, fall 2007. 

Unpublished report prepared for PPM Energy, 

Inc., Lowville, NY, by ABR, Inc., Forest 

Grove, OR. 48 pp. 

Mockrin, M. H. and R. A. Gravenmier. 2012. 

Synthesis of wind energy development and 

potential impacts on wildlife in the Pacific 

Northwest, Oregon and Washington. Gen . 

Tech. Rep. PNW-GTR-863. Portland, OR: 

U.S. Department of Agriculture, Forest 

Service, Pacific Northwest Research Station. 

55 pp. 

Ocotillo Express, 2011. Draft Avian and Bat 

Protection Plan for the Ocotillo Wind Energy 

Facility. Prepared by (unknown author) for 

Ocotillo Express LLC.  

Parsons, S., and J. M. Szewczak. 2009. Detecting, 

recording, and analyzing the vocalizations of 

bats. In T. H. Kunz and S. Parsons, editors. 

Ecological and behavioral methods for the 

study of bats. Second edition. Johns Hopkins 

University Press, Baltimore, Maryland, USA. 

Piorkowski, M. D. and T. J. O’Connell. 2010. 

Spatial pattern of summer bat mortality from 

collisions with wind turbines in mixed-grass 

prairie. American Midland Naturalist 

164:260–269. 

 Literature Cited 

Redell, D., E. B. Arnett, J. P. Hayes, and M. M. P. 

Huso. 2006. Patterns of pre-construction bat 

activity determined using acoustic monitoring 

at a proposed wind facility in south-central 

Wisconsin. An annual report submitted to the 

Bats and Wind Energy Cooperative. Bat 

Conservation International, Austin, TX. 

Reynolds, D. S. 2006. Monitoring the potential 

impact of a wind development site on bats in 

the Northeast. Journal of Wildlife 

Management 70: 1219–1227. 

SonoBat. 2014. Northwest classification notes. 

http://www.sonobat.com/download/SonoBat

C lassificationNote-NW-v3.1.pdf. Accessed 

April 2014.  

SPSS. 2010. SPSS for Windows, version 18.0. 

SPSS, Inc., Chicago, IL. 

Tetra Tech EC 2010. Draft Biological Resources 

Report. Granite Mountain Wind Project, San 

Bernardino County, California. Prepared for 

Granite Wind, LLC by TetraTech, Portland, 

Oregon. In Granite Mountain Draft EIS/EIR. 

Volume 2. Accessed 21 June 2012 at 

http://www.blm.gov/pgdata/etc/medialib/blm/ 

ca/pdf/Barstow/granitewind.Par.29501.File. 

dat/DraftEISEIR_VOL%202.pdf.  

Weller, T. J. and J. A. Baldwin. 2011. Using 

echolocation monitoring to model bat 

occupancy and inform mitigations at wind 

energy facilities. The Journal of Wildlife 

Management 9999:1–13. 

Wildlife Acoustics. 2014. Wildlife Acoustics Song 

Meter SM2BAT+ Frequently Asked 

Questions, www.wildlifeacoutics.com, 

accessed April 2014. 

Woodlot 2005a. A spring 2005 radar and acoustic 

survey of bird and bat migration at the 

proposed Jordanville Wind Project in 

Jordanville, New York. Unpublished report 

prepared for Community Energy, Inc., 

Saratoga Springs, NY by Woodlot 

Alternatives, Inc., Topsham, ME. 39 pp. 

Woodlot 2005b. A fall 2005 radar, visual, and 

acoustic survey of bird and bat migration at the 

proposed Howard Wind Project in Howard, 

New York. Unpublished report prepared for 

EverPower Global, New York, NY by 

Woodlot Alternatives, Inc., Topsham, ME. 79 

pp. 

Woodlot 2005c. A spring 2005 radar, visual, and 

acoustic survey of bird and bat migration at the 

proposed Windfarm Prattsburgh Project in 

Prattsburgh, New York. Unpublished report 

prepared for Windfarm Prattsburgh, LLC by 

Woodlot Alternatives, Inc., Topsham, ME. 58 

pp. 

Woodlot 2005d. A radar and acoustic survey of bird 

and bat migration at the proposed Liberty 

Gap Wind Project in Franklin, West Virginia-

Fall, 2004. Unpublished report prepared for 

http://www.sonobat.com/download/SonoBatClassificationNote-NW-v3.1.pdf
http://www.sonobat.com/download/SonoBatClassificationNote-NW-v3.1.pdf
http://www.sonobat.com/download/SonoBatClassificationNote-NW-v3.1.pdf
http://www.wildlifeacoutics.com/
http://www.wildlifeacoutics.com/
http://www.wildlifeacoutics.com/


Literature Cited 

Skookumchuck Bat Study 24 

US Wind Force, LLC by Woodlot 

Alternatives, Inc., Topsham, ME. 42 pp. 

Woodlot 2006a. Fall 2006 bat detector surveys at 

the proposed Centerville and Wethersfield 

Windparks in western New York. 

Unpublished report prepared for Noble 

Environmental Power, LLC and Ecology and 

Environment, Inc., by Woodlot Alternatives, 

Inc., Topsham, ME. 29 pp. 

Woodlot 2006b. Spring 2006 surveys of birds and 

bats at the proposed Howard Wind Project in 

Howard, New York. Draft unpublished report 

prepared for Howard Wind, LLC c/o 

EverPower Global, New York, NY by 

Woodlot Alternatives, Inc., Topsham, ME. 56 

pp. 

Woodlot 2006c. Avian and bat information 

summary and risk assessment for the proposed 

Cohocton Wind Power Project in Cohocton, 

New York. Unpublished report prepared for 

UPC Wind Management, LLC by Woodlot 

Alternatives, Inc., Topsham, ME. 66 pp. 

Woodlot 2006d. Spring 2006 bird and bat migration 

surveys at the proposed Deerfield Wind 

Project in Searsburg and Readsboro, Vermont. 

Unpublished Report prepared for PPM 

Energy, Inc., Philadelphia, PA by Woodlot 

Alternatives, Inc., Topsham, ME. 40 pp. 

Woodlot 2006e. Fall 2006 bat detector surveys at 

the proposed Centerville and Wethersfield 

Windparks in western New York. 

Unpublished Report prepared for Noble 

Environmental Power, LLC and Ecology and 

Environment, Inc. by Woodlot Alternatives, 

Inc., Topsham, ME. 29 pp. 

Young, Jr., D. P., W. P. Erickson, R. E. Good, M. 

D. Strickland, and G. D. Johnson. 2003. Avian 

and bat mortality associated with the initial 

phase of the Foote Creek Rim Windpower 

Project, Carbon County, Wyoming, November 

1998–June 2002. Unpublished report prepared 

for PacifiCorp, Inc., Portland, OR and 

SeaWest Windpower, Inc., San Diego, CA, by 

Western Ecosystems Technology, Inc., 

Cheyenne, WY. 50 pp. 

Young, Jr., D. P., C. S. Nations, V. K. Poulton, and 

J. Kerns. 2006. Avian and bat studies for the 

proposed Dairy Hills Wind Project, Wyoming 

County, New York, Final Report, April– 

October 2005. Unpublished report prepared 

for Horizon Wind Energy, Albany, NY, by 

Western EcoSystems Technology, Inc., 

Cheyenne, WY. 44 pp. 

Young, Jr., D. P., V. K. Poulton, and K. Bay. 2007. 

Ecological baseline studies report for the 

proposed Dry Lake Wind Project, Navajo 

County, Arizona. Unpublished report prepared 

for PPM Energy, Portland OR, by Western 

EcoSystems Technology, Inc., Cheyenne, 

WY. 63 pp. 

Young, D. P. Jr., W. P. Erickson, K. Bay, S. 

Nomani, and W. Tidbar. 2009. Mount Storm 

Wind Energy Facility, Phase 1 

postconstruction avian and bat monitoring. 

Report prepared for NedPower Mount Storm 

LLC. Western Ecosystems Technology, Inc. 

Cheyenne, Wyoming, USA. 



A
p
p
en

d
ix

 1
. 

 

C
o

m
p

ar
is

o
n

s 
b
et

w
ee

n
 o

b
se

rv
ed

 a
n
d
 e

x
p
ec

te
d
 h

o
u
rl

y
 d

et
ec

ti
o
n
 r

at
es

 f
o
r 

1
) 

b
ig

 b
ro

w
n

, 
2

) 
si

lv
er

-h
ai

re
d

, 
3

) 
h

o
ar

y
, 

4
) 

C
al

if
o
rn

ia
, 

5
) 

lo
n

g
-e

ar
ed

, 
6
) 

li
tt

le
 b

ro
w

n
, 
7
) 

fr
in

g
ed

, 
8
) 

lo
n
g

-l
eg

g
ed

, 
9
) 

Y
u
m

a,
 1

0
) 

T
o
w

n
se

n
d
’s

 b
ig

-e
ar

ed
, 

m
ig

ra
to

ry
 t

re
e
-r

o
o

st
in

g
 b

at
s 

(T
re

e 

b
at

s)
, 
an

d
 a

ll
 s

p
ec

ie
s 

co
m

b
in

ed
 (

A
ll

 b
at

s)
 r

ec
o
rd

ed
 a

cr
o
ss

 a
ll

 d
et

ec
to

rs
 a

t 
th

e 
p
ro

p
o
se

d
 S

k
o

o
k
u

m
ch

u
ck

 W
in

d
 E

n
er

g
y
 P

ro
je

ct
, 

W
as

h
in

g
to

n
 2

0
1

5
. 
P

lu
s 

(+
) 

in
d
ic

at
es

 t
h
at

, 
o
n
 a

v
er

ag
e,

 m
o
re

 b
at

s 
w

er
e 

d
et

ec
te

d
 t

h
an

 e
x

p
ec

te
d

, 
n

eg
at

iv
e 

(-
) 

in
d
ic

at
es

 t
h

at
, 

o
n
 

av
er

ag
e,

 l
es

s 
b

at
s 

w
er

e 
d
et

ec
te

d
 t

h
an

 e
x
p
ec

te
d
, 

an
d
 (

n
.s

.)
 i

n
d
ic

at
es

 t
h
at

 t
h
er

e 
w

as
 n

o
 s

ig
n

if
ic

an
t 

d
if

fe
re

n
ce

 (
P

 >
 0

.0
5

) 
b

et
w

ee
n

 

o
b

se
rv

ed
 a

n
d

 e
x
p

ec
te

d
 d

et
ec

ti
o
n
s.

 

A
lt

it
u
d

e 
 

 
 

 
 

H
o

u
rs

 R
el

at
iv

e 
to

 S
u
n

se
t 
 

 
 

 
 

-1
  

1
  

2
  

3
  

4
  

5
  

6
  

7
  

8
  

9
  

1
0

  

3
 m

  

  
  

 B
ig

 b
ro

w
n
  

  

n
.s

. 
 

  +
  

  +
  

  

n
.s

. 
 

  

n
.s

. 
 

  

n
.s

. 
 

 -
  

 -
  

 -
  

 - 
 

 -
  

  
  

 S
il

v
er

-h
ai

re
d

  
- 

 
+

  
+

  
n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

+
  

n
.s

. 
 

- 
 

- 
 

- 
 

  
  

 H
o

ar
y
  

- 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

- 
 

n
.s

. 
 

n
.s

. 
 

  
  

 C
al

if
o

rn
ia

  
n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

- 
 

- 
 

  
  

 L
o

n
g

-e
ar

ed
 

- 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

+
  

n
.s

. 
 

n
.s

. 
 

- 
 

n
.s

. 
 

- 
 

- 
 

  
  

 L
it

tl
e 

b
ro

w
n
  

- 
 

n
.s

. 
 

n
.s

. 
 

+
  

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

- 
 

- 
 

- 
 

- 
 

  
  

 F
ri

n
g
ed

 
n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

  
  

 L
o

n
g

-l
e
g
g
ed

 
n
.s

. 
 

+
  

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

  
  

 Y
u

m
a
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

+
  

+
  

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

- 
 

  
  

 T
o

w
n
se

n
d

’s
 b

ig
-e

ar
ed

 
n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

  
  

 T
re

e 
b

at
s 

- 
 

+
  

+
  

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

+
  

n
.s

. 
 

- 
 

- 
 

- 
 

  
  

 A
ll

 B
at

s 
 

- 
 

+
  

+
  

+
  

n
.s

. 
 

n
.s

. 
 

+
  

n
.s

. 
 

- 
 

- 
 

- 
 

4
5

 m
  

  
  

 B
ig

 b
ro

w
n
  

  

n
.s

. 
 

  

n
.s

. 
 

  

n
.s

. 
 

  

n
.s

. 
 

  

n
.s

. 
 

  

n
.s

. 
 

  

n
.s

. 
 

  

n
.s

. 
 

  

n
.s

. 
 

  

n
.s

. 
 

  

n
.s

. 
 

  
  

 S
il

v
er

-h
ai

re
d

  
n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

  
  

 H
o

ar
y
  

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

  
  

 C
al

if
o

rn
ia

  
n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

  
  

 L
o

n
g

-e
ar

ed
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

n
.s

. 
 

21 Skookumchuck Bat Study 



Appendix 2. 

 

     Little brown  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  

     Fringed n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  

     Long-legged n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  

     Yuma n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  

     Townsend’s big-eared n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  

     Tree bats n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  

     All Bats  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  n.s.  



Appendix 3. 

Skookumchuck Bat Study 

Mean (passes/detector-night) and standard error (SE) between heights across all 

seasons for passes identified as 1) big brown, 2) silver-haired, 3) hoary, 4) California, 

5) long-eared, 6) little brown, 7) fringed, 8) long-legged, 9) Yuma, 10) Townsend’s 

big-eared, migratory tree-roosting bats (Tree bats), and all species combined (All bats) 

recorded across all detectors at the proposed Skookumchuck Wind Energy Project, 

Washington 2015.  Wilcoxon Signed-rank Test compares activity between heights at 

the 2 tower stations. Blank cells indicate insufficient data for testing. 

 

Wilcoxon   

 3.0 m    45 m    Signed-rank Test  

Species Mean   SE    Mean   SE    Z  P  

     Big brown  0.00  0.00  0.01  <0.01  -2.0  0.046  

     Silver-haired  <0.01  <0.01  0.12  0.03  -4.6  <0.001  

     Hoary  0.00  0.00  <0.01  <0.01  -1.0  0.317  

     California  0.05  0.04  0.00  0.00  -1.3  0.180  

     Long-eared <0.01  <0.01  0.00  0.00  -1.0  0.317  

     Little brown  

     Fringed 

     Long-legged 

     Yuma 

  

  

  

<0.01  

   

  

<0.01  

  

  

  

0.00  

  

  

  

0.00  

  

  

  

-1.0  

  

  

  

0.317  

     Townsend’s big-eared 

     Tree bats 

  

<0.01  

  

<0.01  

  

0.01  

  

0.03  

  

-4.7  

  

<0.001  

     All Bats  0.05  0.04  0.13  0.03  -4.1  <0.001  
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Appendix 5. 

 

  

Northeast 

Bliss, NY  

  

  

4/20/05–6/13/05  

  

  

54  

  

  

6,032  

  

  

2  

  

  

1d  

  

    

55.85c  

  

15, 30  

  

  

Ecology & Environment 2006  

Centerville, NY  4/06/06–6/07/06  126  270  2  1  2.15  10, 25  Woodlot 2006b  

Cohocton, NY  5/2/05–5/30/05  29  21  1  1  0.72  X  Woodlot 2006c  

Dairy Hills, NY  5/20/05–6/01/05  10  27  1  1  2.70  1  Young et al. 2006  

Deerfield, VT  4/14/06–6/13/06  

107 50  

37  

4 

7 
4 

2 

2 
1 

2 

2 
1b 

0.04 c 

0.14 c 

0.11 c 

10, 20  

15, 35  
23  

Woodlot 2006d  

Lowell, VT  4/16/09–10/18/09  856  10,130  1–2  3  11.8  1.5–15  Stantec Consulting 2010  

Howard, NY  4/15/06–6/6/06  116  50  3  1  0.43  8, 20, 50  Woodlot 2006b  

Jordanville, NY  4/14/05–5/13/05  29  15  1  1  0.52  30  Woodlot 2005c  

Maple Ridge, NY  4/10/05–6/22/05  74  459  3  2  1.03 c  7, 25, 50  Reynolds 2006  

Prattsburgh, NY   4/15/05–5/30/05  57  16  2  1  0.28 c  15, 30  Woodlot 2005d  

Roaring Brook, NY  4/18/08–6/30/08  296  838  2  2  2.83  1.5, 44  Hein et al. 2009  

St. Lawrence, NY  

4/13/06–5/29/06;  
6/28/06–8/8/06  92  2,569  1  2f 19.72–55.56  ~1  Kerns et al. 2007  

Wethersfield, NY  4/06/06–6/07/06  126  192  2  1  1.52  10, 25  Woodlot 2006e  

Midwest 
Blue Creek, OH  

  

3/5/09–8/19/09e 

  

274  

  

264  

  

2  

  

1  

    

0.96c 
3, 45  

  

BHE Environmental, Inc. 

2009 

West 
Ocotillo, CA  

  

4/18/10–11/30/10  

  

904c 

  

200  

  

2  

  

2  

  

0.2c 

  

2, 50  

  

Ocotillo Express 2011  

Resolute, WY  6/2/10–9/30/10  1,089  1,111  2  5  0.00–2.75g ~1.5, ~44  Hein et al. 2011b  

Pacific Northwest  Skookumchuck, WA 

4/03/15–11/02/15  
  

5,787  

  

  

  

1–2  

  

4  

  

6.83  

  

 3, 45  

  

Mabee et al. 2016, This study  

 Coyote Crest, WA  4/15/08–6/30/08  242  20  2  2  0.08  ~1.5, ~50  Hein et al. 2010  
a Study design [e.g., sampling intensity (spatial and vertical), sampling dates, and analysis] differ among projects. 
b Detector(s) located in areas of concentrated bat activity (i.e., tree line or pond). 
c Calculated value, not presented in literature. 
d Detector mounted on a silo.  
e 

Interim report summarizes bat acoustics between 5 March–19 August; however, full report for 36-week period (5 March–15 November) will be available at a later date.  
f 
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Appendix 7. 

 

Top of Iowa, IA  5/10/04–9/29/04  84  3,001  1  2  35.73c  ~1  Jain 2005  
West                 

Dillon, CA  10/25/07–3/31/09  6,959  
523; 

1,798g 
2, 3  8, 4  0.08, 0.26  2, 22, 52  Weller and Baldwin 2011  

Granite Mt., CA  4/29/08–04/29/09  924d 961  3  1  1.04  2, 14, 30  Tetra Tech 2010  
Ocotillo, CA  4/18/10–11/30/10  904d 200  2  2  0.2d  2, 50  Ocotillo Express 2011  
Tule, CA  09/X/ 08–11/X/ 10  X  X  X  X  17.7h  1  WEST, 2011h; BLM 2011  
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